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(57) BACKGROUND OF THE INVENTION 

A brazing powder comprises a single powder or 
mixture powder that is composed of one or more type 
of elements consisting 61 Al, Si and Zn, having the com- 
position of Al-Si-Zn hypereutectic alloy in terms of the 
total amount The brazing powder comprises above 
1-5% but up to 60% by weight of Si and 5% to 30% by 
weight of Zn. 



The brazing powder may also comprises a brazing 
flux, a binder resin and a solvent that are mixed with the 
above composition into a slurry form. A coating of the 
resulting mixture may be applied onto an object made 
of aluminum or aluminum alloy, such as mechanical as- 
sembly parts, etc., which is heated to allow the surface 
of the object to be melted, thereby forming a Zn-con- 
tained layer. The object is then brazed by soldering. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a brazing powder composition for use in joining objects, such as mechanical parts, 

elements, members and the like of aluminum or aluminum alloy, and a method ot joining such parts, etc. using such 
brazing powder composition. One of its possible applications is a manufacture of a heat exchanger assembly. 

As means to join two or more objects of aluminum or aluminum alloy by brazing, a brazing material is-provided in 
a powdery form, and is applied to the joint surfaces of the objects being joined. A typical example is disclosed in U.S 
patent No. 3971501 which describes that the brazing powder may be used with no or little limitations to the shape* 
form or the like of the point of the joint, and may be easily applied even in those areas where some objects, such as 
complicately configured items, are difficult to be arranged for which any of the prior art brazing materials could be used. 
In this respect, the above U.S. patent has wide attention. 

The brazing powder disclosed in the above patent uses Al-Si eutectic alloy having a melting point below that of 
aluminum or aluminum alloy parts being joined by brazing. In order to improve a corrosion resistance of the joint, 
another U.S. patent No. 5547517 discloses a brazing powder that includes Al-Si eutectic alloy and a small amount of 
Zn added thereto. A further U.S. patent No.5251 374 discloses a brazing powder that includes a mixture of Al-Si alloy 
powder and Zn powder. In U.S.. patent No. 5547517, the brazing powder comprises at most 5% by weight of Zn to be 
added, while in U.S. patent No. 5251374. the brazing powder includes at most 3% by weight of Zn to be mixod. An 
exception to the two patents is Japanese patent application, as now open to a public inspection under Heisei 8-31 4T77 
which proposes a brazing powder that is composed of Al-Si-Zn alloy containing 10 to 50% by weight of Zn. Another 
Japanese application, also now open to a public inspection under Heisei 7-88689, discloses a brazing composition 
containing not more than 20 parts by weight of Zn. 

It is noted that the component of Zn in the brazing composition has a melting point lower than that of Air-Si alloy 
components, and thus may melt earlier during a brazing process. Accordingly, Zn may tend to move from a coating 
area toward an area where a fillet is to be formed, and at where Zn may be concentrated. In the portion of the coating 
area to which Zn has moved, therefore, the satisfactory corrosion resistance cannot be provided by Zn because of its 
lower content. Alternatively, it may be possible to provide a brazing powder composition that containing more Zn. In 
this case, however, Zn may have an increased concentration that is more than as required, in the area where the filet 
is to be formed. When this happens, Zn acts predominantly, which may cause Zn to erode the fillet and others. Thus, 
it affects the corrosion resistance disadvantageous ty. 

The brazing powder composition that contains Zn as described provides no satisfactory corrosion resistance For 
example, in heat exchangers, such as that mounted on auto-vehicles, that must meet the requirements for high cor- 
rosion resistance, Zn is previously sprayed thermally, forming a Zn coat onto the surface of the aluminum parts being 
joined by brazing. Particularly, European patent application, as now open to the public inspection under No 0140267 
discloses a process that includes forming a Zn-deposited layer. It is noted, however, that this process involves more 
steps, increasing the manufacturing cost. 

For the joint that includes a large gap between two parts being joined by brazing, such as the joint between tubes 
and headers in the heat exchanger assembly, or for the joint that requires a large fillet to be formed, the amount of 
brazing powder used for brazing increases considerably, thus increasing the amount of brazing powder to be coated 
accordingly. With the increased coating, several coatings are required, as the amount of coating that can be achieved 
by a single coating (such as by flow coating) Is limited. This increase* th* coating steps, resulting in the higher man- 
ufacturing costs, in general, the brazing powder is expensive so that the material cost increases with the increasing, 
usage of the brazing powder. ■ 
The inventors of the current application studied the problems associated with the prior art brazing powder, and 
have discovered that when the brazing powder that includes the hypereutectic Al-Si alloy is used, a base metal is 
eroded (melted) dunng the brazing process, and part of the base metal that has been eroded provides the brazing 
action together with the coating of the brazing powder that has been applied. Then, the inventors have found that the 
use of brazing powder and therefore the number of its coatings can be reduced while maintaining the good brazeability. 
L «™! d u h f PCT international Publication of No. WO 94/29072 and Japanese patent publication of No. Heisei 
B-511201 , both of which are open to the public inspGCtion, dieolos© a brazing material composition that contains more 
Si, but does not describe that the hypereutectic alloy provides the similar results as described above 

It is also noted that when the Al-Si hypereutectic alloy is used as a brazing material, Si becomes crystallized and 
crystallized Si causes local corrosion due to the cathode or other corrosion that may form pits. That corrosion may 
reduce the corrosion resistance in the brazed joints or the areas on which the coating of the brazing powder has been 
applied. To avoid this problem, more steps must be done so that Zn coating is formed as described. 
Because of those problems, the conventional brazing powder is less economical. 
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OBJECT OF THE INVENTION 

In light of the above problems and to solve those problems, one object of the present invention is to provide a 
novel brazing powder and an improved brazing method wherein the corrosion resistance of the brazed joint may be 
5 increased without requiring any complex, extra steps. 

Another object of the present invention Is to provide a novel brazing powder and an Improved method wherein the 
above object may be attained without having to increase the amount of brazing powder to be used, and the brazing 
process can occur with the reduced amount of brazing powder. 

. " ' io SUMMARY OF THE INVENTION 

The present invention includes a brazing aluminum alloy powder composition. 

Specifically, in a first embodiment of the aluminum alloy brazing powder composition, it is comprised by one or 
more powder materials, which is essentially consisting of one or more elements selected from the group consisting Al, 
is si, and Zh, and the total amount of said one or more powder materials have a hypereutectic alloy composition consisting 
of, Al-Si-Zn. 

In a second embodiment of the brazing aluminum alloy powder composition, it comprises one or more powder 
t : materials in which the total powder materials is essentially consisting of above 15 but up to 60% by weight of Si and 

? 5 to 30% by weight of Zn. 

f c£>^ 20 ,n a thlrcl embodiment of the brazing aluminum alloy powder composition, it comprises one or more powder ma- 

s' -Sy terials selected from a group consisting of Al-Si alloy, At-Si-Zn alloy, Al-Zn alloy, Si or Si alloy, andrZn or Zn alloy, all : 

in a powdery form. 

In a fourth embodiment of the brazing aluminum alloy powder composition, It comprises one or more powder 
materials consisting of a mixture of Al-Si-Zn ternary hypereutectic alloy and Si in a powdery form. ' 

25 In a fifth embodiment of the brazing aluminum alloy powder composition, it comprises one or more powder mate- 

rials, it consists of a mixture of Al-Si-Zn ternary hypereutectic. alloy and Si in a powdery form, said Al-Si-Zn ternary 
hypereutectic alloy having the composition of 1 3 to 45% by we ight of Si, 6% to 35% by weight of Zn, and the balance 
consisting Al and inevitable impurities. 

In a sixth embodiment of the brazing aluminum alloy powder composition, it comprises one or more powder ma- 

30 terials, it consists of a mixture of Al-Si-Zn ternary hypereutectic ailoy and Si in a powdery form, in which the Al-Si-Zn 
ternary hypereutectic alloy powder has the average grain size of between 5 and 1 0O^im and Si powder has the average 
grain size of between 1 and SOum, the average grain size for the former being relatively large as compared with that 
for the latter. 

In a seventh embodiment of the brazing aluminum alloy powder composition, it comprises one or more powder 
35 materials, further comprises brazing flux added. 

The present invention also includes a method of brazing that may be performed by using any of the brazing alu- 
minum alloy powder compositions according to the above embodiments: 

Specifically, in an embodiment of the method, it may be performed to braze an aluminum or aluminum alloy part, 
element, member or the like as an object being brazed {referred Jto as 'aluminum object"), comprising the steps of 
40 applying a coating of any of the above brazing powder upon the surface of the aluminum object, allowing the applied 
coating as well as part of the surface of the aluminum object carrying the coating to be melted, and allowing the melted 
materials tosetr thereby brazing the aluminum object and forming a Zn-contained layer onto the surface of the aluminum 
object. 

In a second embodiment of the method, it further comprises the step of adding a brazing flux, binder resin and 
solvent to the brazing aluminum alloy powder prior to applying its coating and mixing them into a slurry form. 

In a third embodiment of the method, it further includes the step of performing a Zn-coatlng layer onto the surface 
of the aluminum object prior to its brazing. 
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DESCRIPTION OF THE INVENTION 

The inventors of the current application have discovered that the corrosion rosistano© may bo improved remarkably 

by adding Zn to the hypereutectic AlrSi alloy, without having to increase the amount of brazing powder to be used, as 
opposed to the conventional brazing powder that includes Zn, which has no positive effect on improving the corrosion 
resistance. Then, the present invention is based on. that discovery. 

It should be understood; that the brazing powder must contain a prescribed amount of Si as part of its total amount 
so that it can become hypereutectic. As the eutectic point of Si has effect upon the content of the other components, 
it cannot be specified uniquely. For instance, the brazing powder may become hypereutectic by specifying Si as above 
15% by weight As this hypereutectic brazing powder contains excessive Si, Si may tend to diffuse into the aluminum 
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object during the brazing process, lowering the melting point of the object and thus causing part of the objectto be 
melted (eroded). The portion of the object that has been melted may flow together with the applied coating of the 
brazing powder, filling any gap in the joint or forming a fillet That portion of the object may form part of the applied 
brazing materials, and together provide the amount of the brazing powder as required for brazing. Thus the total 
amount of the brazing powder used for coating can be reduced. It Is noted, however, that if the brazing powder contains 
less Si which makes the brazing powder eutectic or hypoeutectic, the melting action for the object cannot be provided 
To provide the above melting action, the amount of Si is preferably 20% or more. More preferably, it is 25% or more" 
If the brazing powder contains an excessive amount of Si. Si may more easily erode the object deeply into its 
2??: remoVin9 P 0 "' 008 from tne ob i QCt ther * b V "«kmg those portions extremely thinner. This makes the 
joint less strong. In additron, perforation may be produced by corrosion. This introduces problems in respect to the 
strengtt, and corrosion resistance. Particularly, as the brazing powder contains Zn. Zn is introduced predominantly into 
the eroded area of the object if erosion is caused by Si, promoting the eroding action further. If the brazing powder 
contaning 60% or more of Si, the melting point of the brazing powder may reach above 1150'C. And it is difficult to 
produce the brazing powder. For this reason, the amount of Si is preferably 60% or below, it is more preferably 50% 
or below, and it is most preferably 45% or below. 

It is noted that as the hypereutectlc powderacts so as to dissolve the portion of the base metal carrying theapplied 
coating of the brazing powder, Zn, which is contained in the brazing powder, diffuses more easily into the dissolved 
portion of the base metal. This increases the concentration of Zn in the dissolved base metal portion, resulting M the 
?\ 3 2n - cont ^ ined ,aver on the surfa ce of the brazing powder<oated portion that contains a highly concen- 
trated Zn having a small concentration difference. It is also noted that Zn diffuses from the Zn-contained layer deeply- 
intothe base metal: The result Is that the brazing powder^coated portion may include a Zn-contained layer as well as 
a Zn-diffused layer. The Zn^Jiffused layer may extend into the depth where Zn is rich enough to protect against any 
2T!X T 5 8 l fi m,nate8 P roblem °f the conventional brazing powder wherein initially the best corrosion resistance 
was obtained, but was gradually decreasing over time ; 

tha 'LJ^T^i tY T- a „ m °! t?n 80ktor that flows in such a ^ to form a fi,let fe also always eroding new portions of 
h! T Z J .I 3 WnS - ThUS> 2x1 in me molten so,der is diluted ^ the accompanying reduction. Therefore, 
the flowing molten solder would contain Zn of low concentration, and Zn in the fillet would have a concentration that 

ZrOXli k J? °' ,hebraZin9 P OWdSr COated P° rtion - to the prior art, a concentration of Zn in the fillet 

would become higher, making the fillet more susceptible to the corrosion. Eventually the fins might be removed Ac- 
^ rd, " g to the present invention, that situation is avoided. As Zn in the fillet has the concentration that is low relative 
res^rifoV^Het.^" * ^ ^ "* a 8acrifice anocte im P rov ^ the corrosion 

i« J1 0 1T & b , raZin9 P^^ted portion that contains a sufficient quantity of Zn. the type of corrosion that occurs 
*s re^e^^Z^ ^ Pr ° 9reSSin9 int0 th * ^ tha -proved corroston 

™» AS ^t! 5 ' 32 !" 9 h yP ereu,ecfc alloy Powderacts upon the object being brazed so that part ofthe object can become 
moften solder, the amount of the molten solder will become more than the amount of the applied powder coating If Zn 

STn ' S T'^ " iS dilUtad - the adeauate corrosion resistance might not be provided For this reason, the 
total Zn content should preferably be more than 5%. 

. Fort * e eam e «;eason. the Zn content should preferably be 8% or more. More preferably, it should be 10% or more 
and most preferably, it should be 15% or more. . ««» iu*wmore, 

th« ™ 20 ° e ^H 18 ^f 988 ™' tne oojeot a PP |ie d Powder coating would become eroded at a higher rate, reducing 

S^ZSSKSEK 22£ preferred that the total * content be or betow b * M - p^ b * ! 

el J^^lr., 0 ' thG CUrr9nt ! PP ' iCati0n have found a Popery mixture composed of two or more different 
^ k T T y PrOV,de thS re8UltS e ^ ivalent to those provided by using the single hypereutectic Al-Si- 
s^i™ f ^ t6rmS ° f ^o total amount this powdery mixture may be equal ?o thfhypereutecticlL 

im^nSr Va ' UeS f ° r th9 " Si Zn COntentS 38 8pecified above "^y be used. The powdery mixture may be 
«°JTJ 7^% °^ m0 M e ma,eria,s 8elected ,rom the group consisting of Al-Si alloy, Al-Si-Zn alloy. Al-Zn alloy. Si or Si 
SSftEl^ & ""2 n P ° Wdery iOTmS - * ShOUld be noted that ^ en *V P^oular metal or alloys are selected 
from the above group, the composition of the metal or alloy and a mixture ratio for each differcnt that are not limitative 

delS Va I i8d - ^ '"'P 0 ^ ara ft 8hou,d be eaual to th« hypereutectic Al^i-Zn alloy that includes any 

SSS^SS^-S h ° f ^ am ° Unt T ° SnSUre ** the app " ed brazin9 P QWder mating provides *e 
ab^ orn, ^ ^ 1 P ° Wder ' 8 d,880,v ad more unifonnly. It is desirable that the Al-Si alloy or Al-Si-Zn alloy in the 
Sde 9 d S «T beCOme h yP ereu,ectic - F °r th* reason, it is desirable that at least either of those ai.oys shouW be 
included when selection is made from the group ^ ™ 

be eoirS^i^rn? 6 A '" Si IK or u A, - S, - Zn a,, °y 18 ma de hypereutectic. Si content in either of those alloys may 
oe equal to the Si content as specified above for the Al-Si-Zn alloy. 
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For the lower limit of the Zn content, however, it may be equal to the Zn content as specified for the hypereutectic 
Al-Si-Zn alloy; for the upper limit, it should preferably be 30%, and more preferably 20%, because more Zn content 
make Zn oxidized considerably when it is dissolved, changing into zinc oxide, and no more solid solution can occur in 
the brazing material. This makes the production difficult. More Zn can be included by including the required amount or 

s supplemental amount of powdery Zn. 

The brazing component of the invention containing the alloys and/or components as specified above may be 
formed into a powder by using any usual method, such as mechanical powdering, atomizing, centrifugal spraying and 
etc. In this case, the grain size may be adjusted, such as between 1 and 100um It is noted that if the grain size is too 
large, a powder coating layer might be formed with a nonuniform thickness. This would cause a great difference in the 

io product dimensions which may lead to poor brazing. 

In adjusting the grain size, if the mixture powder contains Si, it is desirable that the grain size for Si powder is 
smaller than that for the other element powders. This is because Si powder erodes the object being brazed more 
aggressively, and when the grain size for the Si powder is smaller, SI may diffuse evenly in the mixture powder, which 
may reduce Iqcal erosion of the brazed object by Si powder. In this way, the erosion by Si can occur eventy and mildly. 

is Specifically, therefore, when the mixture powder including Si powder and other element powders, it is preferable 

that the average grain size for the other element powders should range between 5 and 1 OOujti, while the average grain 
size for Si powder should range between 1 and 50um. and should be relatively small as compared with that for the 
other powders. 

It is more preferable that the average grain size for the other element powders should range between 10 and 70u. 
m, and the average grain size for Si powder should range between 1 and 30>m, the average grain size for Si powder 
preferably being smaller than that for the other powders. Most preferably, the average grain size of the other element 
powders should range between 1 5 and 40ujn, and the average grain size for Si powder being smaller than that for the 
other powders. 

Those average grain sizes as specified above may be applied to the mixture powder composed of Al-Sl-Zn ternary 
25 hypereutectic alloy powder and Si powder. 

A brazing powder may be provided by adding any suitable brazing flux to any single powder or mixture powder, 
as desired. Any suitable mixture ratio maybe chosen. For instance, 1 to 2 parts by weight of the blazing flux may be 
added to 20 to one parts of a single or mixed aluminum alloy powder. It should be understood that the present invention 
is not limited to the mixture ratio as specified above. 

The brazing flux that may be used includes fluorides such as KA£F 4 , K2AeF 5 -5H 2 0, K 3 A€F 6 , A€F 3 , and chlorides 
such as NaC€, KC€, LiC€, ZnC€ 2 - 7110 present invention is~not limited to those types of flux, however. 

When a coating of any of the brazing powder described above is applied onto the object being brazed, it should 
comprise any suitable type of solvent or/and binder that may facilitate the bonding. Solvent that may be used includes 
water, alcohols (preferably, carbon 1 to 8 aliphatic alcohols) or the like. 

Binder that may be used includes any binder that can bond a powder well without affecting the quality of the brazed 
joint, such as carboxyl group water-soluble polymer compounds, acrylic resins, methacrylic resins, or the like. The 
mixture ratio of those solvent and binder may be chosen as desired. 

A coating of the brazing powder thus obtained and which includes any solvent and binder may be applied onto an 
object being brazed: The coating may be applied by using the spray method, shower method, flow coat method, roll 
40 coater method, brushing method, immersion method, or the like. It is noted that the present invention is not limited to 
- ■ • those methods. 

Objects being joined by the brazing powder of the invention may comprise at least one that is made of aluminum 
or aluminum alloy. It is noted that aluminum alloy is not limited to its particular composition. It is also noted that aluminum 
or aluminum alloy may have any production history. A Zn-coated layer may be performed on the surface of the aluminum 
object. This Zn coating layer may be performed by any suitable method, such as metal spraying or coating and immer- 
sion plating. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a heat exchanger assembly to which the present invention may be applied; 

Fig. 2 is a Similar view of Fig. 1 , and shows, on an enlarged scale, part of the heat exchanger assembly in which 

a tube is inserted into a header prior to being brazed; 

Fig. 3 is a similar view of Fig. 1 , and shows, on an enlarged scale, part of the heat exchanger assembly in which 
the tube is now joined to the header after the two parts have been brazed. 

Fig: 4 is a perspective view of the parts being subject to the brazing test that have been assembled in accordance 
with a preferred embodiment of the present invention; 

Fig. 5 is a similar view of Fig. 4, and shows, on an enlarged scale, the joint as brazed of the parts, and 
Fig. 6 is a similar view of Fig. 4, but is an enlarged cross-section of the joint as brazed of the parts. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows a heat exchanger assembly to the brazing powder composition and method according to the present 
invention may be applied. In the following description, some of its possible applications are presented It should be 
s understood that the following applications are only presented by way of example, and the present invention is not 
restricted to those applications. 

The heat exchanger assembly includes headers 1,1, tubes 2-2, and radiator fins 3-3 formed like a wave all of 
which are made of Jis A3003 aluminum alloy. The heat exchanger assembly may be completed by assembling 'those 
individual elements. When the individual elements are assembled, each of the joints between the corresponding re- 
spective elements may be provided by using a brazing powder composition and a method according to the present 
invention, which will be described below in more details. ' 

A brazing powder composition is prepared so that Al-Si-Zn hypereutectic alloy may be obtained which is then 
atomized to a specific grain size by using. an atomizing process. In Fig. 2, a tube 2 having an applied coating of the 
brazing powder 7 on its surface is shown to be inserted into a hole 4 in a header 1 also having an applied coating of 
»«. the brazing powder 7 on its surface. a 

The assembly, which includes all joints processed as above, is then heated at an adequate temperature in a 
suitable ambient atmosphere, allowing the brazing powder 7 on those joints to be melted. The applied heatinq is pref- 
erably in the range of between 580»C and 620-C. At 580»C or below, the powder 7 as well as part of an object Itself 
being brazed, such as headers, etc. (referred collectively to as the 'object- ), would not melt completely, and the joints 
would not be finished. At above 620°C, erosion would occur to a considerable degree. In this respect, the above 
temperature range is desirable. Preferably, the assembly, is kept heated at this temperature range, for a period of one 
to 10 minutes. . 

Fig. 3 shows that the header 1 and tube 2 are now joined by using the brazing powder 7 of the present invention 
As seen from Fig; 3, the joint includes a sufficient amount of fillet 6 thus formed. On each of the respective surfaces 
of the header land tube 2 having the applied coating of the brazing powder7. a setting layer la. 2a is formed, respectively 
which contains the applied powder 7 that was once melted and is now set 

Some part of Zn, which is contained in the applied powder 7, may go into the above joints, and the remainder may 
exist in the setting layers la, 2a formed from the applied powder 7, with adequately and evenly distributed concentration 
This may facilitate the general corrosion on the respective surfaces of the setting layers, producing Si crystallization 
that protects against any local corrosion or other corrosion that may form pits. The result is the improved corrosion 
resistance. It should be noted that part of Zn contained in the respective joints has the concentration lower than that 
of the part of Zn in the applied coating. So, no partial setting of Zn is noticed. 

It is to be understood that when the powder of the invention is applied, the base metal may be partly melted into 
solder reducing the thickness of the base metal after the brazing is completed. As such, the present invention is 
particularly suited to those sheet metals having a specific thickness, such as 0.5 mm or more thick, for example It is 
to be appreciated, however, that the present invention is not restricted to those eheet metals as specified above Also 
the present invention is not limited to the application described above, but may be used in other applications 

The following tests were performed to evaluate the effectiveness of different embodiments ofthe present invention 
which will be described below. * ... - 
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EXAMPLE 1 



_ As shown in Table 1 . several samples of the aluminum alloy powders, each of which contains different quantities 
of Si and Zn (which have maximum grain size of 75 pm and average grain size of between 20 and 30um, respectively) 
were provided in accordance with the present invention. In addition, a brazing flux composed of the class of fluorides 
and a binder composed of the class of acrylic resin were provided. Then, The brazing powders were obtained by mixing 

™~ rJT,?H P I, OP ^ 10:1 :1 by Wei9ht T ° com P are vvitfrthese inventive samples, different non inventive samples 
were provided, which contain AKSi alloy or Al-Si-Zn alloy. 

*nniir**?« OVe ^P'asvvere used to join two metal parts having a reversed T configuration as shown in Fig. 4. by 
SSh ! ! quantities of coating in the gap between the parts, and the test was performed to check how the gap 

5 P8CifiCa ^ ?£! mQXai ^ ta SdlV6s 38 8 ^^1°" metal made of JIS A3003 aluminum alloy and 
having the dimensions of 30 mm high. 60 mm wide, 1 .5 mm thick, was disposed horizontally. Other metal part 1 1 serves 

Si ™*T 12*°. madB ° f J ' S A3 ° 03 a "° y haViP9 the dimensio "s of 30 mm high. 50 mm wide. 1 .0 mm thick. 
Pon^ri, 9 °* tna j nventwe s^P' 88 W9re applied onto both sides ofthe base metal 11 by using theflowcoat process. 
Following this the base metal part 11 was placed onto, the companion metal part 10 like a reversed T configuration 

soacer iTn^H- '°T ° f * S °' * p mm diSp0sed acrete the metal P art 10 00 one side thereof. This 

spacer 12 provides a small gap 13 between the companion and base metal parte 10. 11. 

The companion metal part 1 0. the base metal part 11 and the spacer 1 2 were heated 31600*0 for 5 minutes, and 
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were brazed under the inert gas atmosphere. During the brazing process, the applied coating as well as part of the 
base and companion metals were allowed to meft until the small gap 13 was filled along the length(L) of 30 mm A 
brazed joint 14 was thus obtained. Finally, the amount of brazing powder that was actually applied for brazing was 
examined. As shown in Fig. 5 and 6, the maximum erosion depth(D) in the brazed areas was also examined The 

5 results are presented in Table 1 . 

The assembly thus completed was then subjected to CASS testing, wherein a testing acid salt (hot at 50*0) in- 
cluding 0.26 g/€ of cupric chloride was sprayed continuously (480 hours) against the assembly at a test room temper- 
ature of 50°C. Then, the brazing powder coated areas were checked for corrosion depth, and the type of corrosion 
was also examined. The fillet was also checked to examine the type of corrosion. The results are aJso presented in 

10 Table 1. 
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onwr^r n™T n 1 ' sam P ,es contajnjn 9 above 1 5% by weight of Si, fewer number of coating and less 

Elm ^ 9 H m ?Hr r ° V,d ! thQ we,, - bra ^ Pint (the well-ffJied gap), and the amount of the melted base metal 
(maximum eros.on depth) may be controlled to a moderate degree. Particularly, for another samples containing 20 to 
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30% by weight of SI, the maximum erosion depths are relatively shallow, and the well-brazed joints are provided. 

As seen from Table 1 , for the sample containing more than 60% by weight of Si, the maximum erosion depth is 
greater, meaning that the base metal was eroded much more deeply. For some other samples that may present the 
above good property but contain no or little Zn, the base metal is found to have pits produced by corrosion, meaning 
that the.corrosion went more deeply. - 

For still another samples containing a moderate quantity of Zn, the corrosion depths are shown to be noticeably 
shallow. For another samples containing too much Zn, such as more than 30%, they are shown that a general corrosion 
occurred and the erosion extended deeply into the base metal: 

It may be understood from the above description that using the brazing powder that contains moderate amounts 
of SI and Zn may provide the good corrosion resistance both for the applied coating and for the formed fillet. Using 
less powder may also provide well-brazed joints, 

EXAMPLE 2 



In this embodiment, Al-Si-Zn ternary alloy powder was prepared, which includes molten Al alloy as atomized having 
trfe composition and average grain size as shown in Table 2. The Al-Si-Zn ternary alloy further includes a pure Si 
powder having the average grain size shown in Table 2, Several samples of the brazing powder according to the present 
invention were thus obtained. Each of those samples, identified as 1 to 10, Includes a total amount of Si and Zn, 
respectively, whose specific values are presented in Table 2. Those samples are called "the inventive samples". To 
compare with those samples, non inventive samples 1 to 5 were also prepared. Those samples are called "the non 
inventive samples". 

An additional non inventive sample, referred to as "the prior art sample", that contains Al-Si binary alloy powder, 
was provided. Then, to 10 parts by weight of each of the inventive samples 1 to 10, non inventive samples 1 to 5 and 
prior art sample were added one part of brazing flux and one part of binder, all by weight. They were mixed into a slurry 
solder form. It is noted that each of the non inventive samples 1 to 5 has the composition ratio of the elements, and 
any of whose specific values are not specified by the invention. 

As in the preceding example 1, each of those samples was applied to an object under tests, Then, the brazing 
was performed under the same conditions. A SWAAT test accomplished as follows. A test solution including artificial 
sea water and acetic acid was sprayed against the object at 60° C for 30 minutes. The spraying was stopped at the 
end of 30 minutes, and the object was left for 30 minutes under the wet ambient atmosphere. The same process was 
repeated for 20 days. When the testing ended, the corrosion depth and the type of corrosion were examined. The 
results are presented in Table 2. 
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The results in Table 2 show that for the joint brazed by using each of the inventive samples 1 to 10, the amount 
of the applied coating and the erosion depth are remarkably smaller than for that brazed by using the prior art sample 
No. 6. It is also shown that according to each of the inventive samples 1 to 1 0, the joint presents the type of general 
corrosion, whereas according to the prior art sample, the amount of the applied coating is larger, and the joint thus 
5 brazed presents the type of corrosion that produces pits, meaning that the joint is more susceptible to corrosion. It is 
also shown that for each of the non inventive samples 1 to 5, any of the properties, such as the amount of applied 
coating, maximum erosion depth and corrosion resistance, is undesirably poor. The fillet formed by using each of the 
inventive samples presents the good corrosion resistance, as for the fillet in the preceding embodiment. 

It may be appreciated from the foregoing description that the bra2ing aluminum alloy powder composition according 
10 to the present invention, which includes the hypereutectic alloy containing Zn, provides the advantage of allowing a 
Zn contained layer containing an adequate quantity of Zn to be formed onto the applied coating ot the brazing powder. 
The type of corrosion that thus occurs on the surface of an object having the applied coating may be the general 
corrosion that prevents the corrosion from progressing into the depth of the object. Thus, the good corrosion resistance 
may be provided. The amount of brazing powder being applied may be reduced considerably as compared with the 
prior art powder. Nevertheless, the brazeability that may be provided is equivalent to or more than that for the prior art 
powder. Thus, the present invention is of industrial utility. 

Although the present invention has been described with reference to some particular preferred embodiments there- 
of, it should be understood that various changes and modifications may be made without departing from the spirit and 
scope of the invention. 
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Claims 



1. A brazing aluminum alloy powder composition comprising one or more powder materials consisting essentially of 
26 one or more elements selected from the group consisting Al, Si, and Zn, the total amount of said one or more 

powder materials having an Al-Si-Zn system hypereutectic alloy composition. 



2. The brazing aluminum alloy powder composition as defined in Claim 1 , wherein said total amount contains above 
15 but up to 60% by weight of Si and 5 to 30% of Zn. 

3. The brazing aluminum alloy powder composition as defined in Claim 1 . wherein it comprises one or more powder 
materials selected from the group consisting of Al-Si alloy, Al-Si-Zn alloy, Ai-Zn alloy, Si or Si alloy, and Zn or Zn 
alloy. 

35 4. The brazing aluminum alloy powder composition as defined in Claim 1 , wherein It comprises a powdery mixture 
composed of Al-Si-Zn ternary hypereutectic alloy powder arid Si powder. 

5. The brazing aluminum alloy powder composition as defined in Claim 4, wherein it comprises a powdery mixture 
^ composed of Al-Si-Zn ternary hypereutectic alloy powder and Si powder, said Al-Si-Zn ternary hypereutectic alloy 

<&% 40 powder consists of 1 3% to 45% by weight of Si, 6% to 35% by weight of Zn and the balance consisting Al and 

inevitable impurities. ' 



G. The brazing aluminum alloy powder composition as defined in Claim 4, wherein said Al-Si-Zn ternary hypereutectic 
alloy powder has the average grain size in the range of 5 to lOOujn and said Si powder has the average grain size 
in the range of 1 to50|am, the average grain size for said Al-Si-Zn ternary hypereutectic alloy powder being relatively 
larger than that for said Si powder. 

7. The brazing alum in urn-alloy powder composition as defined in Claim 1, further comprises one or more type of 
brazing flux in a powdery form. 

60 

a A method of brazing an object made of aluminum, such as mechanical part, element, member and the HKe, Com- 
prising the steps of: 

applying a coating of the brazing powder composition as defined in any one of Claims 1 through 7 as coating 
55 medium, onto the surface of the object; 

heating said coating medium and the object, thereby allowing said coating medium as well as part of the 
surface of the object having the applied coating to be melted; and 

allowing said melted coating medium and said melted part of the surface of the object to set, thereby brazing 
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. the object and forming a Zn-contained layer onto the surface of the object 

9. The method as defined in Claim 8, wherein said coating medium comprises a brazing flux, binder resin, and a 
solvent and. wherein said brazing flux, said binder resin, and said solvent are mixed together into a slurry form 

* prior to being applied onto the object. 

10. The method as defined In Claim 8, wherein a Zn-coated layer is performed onto the surface of the object before 
it is brazed. 
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FIG. 2 
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